The Oder River creates one of the largest estuaries in Poland. The estuary can be divided into three zones, each with a different hydrochemical regime: the Pomeranian Bay (salt water habitat), the Szczecin Lagoon (brackish water habitat), the Oder River up to the Widuchowa section (transitional environment -brackish and typical freshwater). The Pomeranian Bay was characterized by the lowest concentration of nutrients throughout the research series in comparison to the other regions. It had a low nitrogen to phosphorus proportion and the highest stability of variability in total nitrogen concentration. The Szczecin Lagoon was characterized by a higher concentration of nutrient loads in comparison to the Pomeranian Bay, by a lower nitrogen and phosphorus proportion than the Oder waters, and by the high stability of variability of concentrations of mineral nitrogen and total nitrogen. As the "nutrient trap" for the Oder estuarine system, the Oder River, with its highest nutrient concentration, is characterized by the highest stability of variability of total nitrogen concentration.
INTRODUCTION
Estuarine systems comprise a specific environment where inland and sea waters mix together. This causes high variability in hydrochemical composition that is unprecedented in both inland and sea water habitats. Because of the heterogeneous quality of their waters and their specific individual features, estuaries are complex water bodies. Nutrient circulation and the dynamics of variability of the nutrient concentration are, both temporally and spatially, of particular importance in estuarine waters. Processes by which inland water is enriched with nutrient substances are well known and widely discussed by many authors. Nevertheless, research into the potential relevance of nutrient dynamism in the estuary for the habitat has been conducted on a large scale only from the 1980s onward (Bonsdorff et al. 2002; Elliot, de Jonge 2002) . The Oder's estuarine system consists of an uncommon estuary (because of its salinity level and mixing characteristics) which, because of its economic importance, is under considerable anthropogenic stress.
The multicomponency of the interior estuary of the Oder River makes the transformation of its hydrochemical system particularly complicated. The aim of the present paper is to define the dominant species of nitrogen and phosphorus in the regions of the estuary of the Oder River, with different levels of mineralization in particular seasons.
STUDY AREA
Approximately 2 km below the Widuchowa water-gauge (704.1 km), the Oder divides into the South and West Oder. A weir is situated in this area. The two river branches spread in the area of Międzyodrze, and are characterized by many canals. In the northern part of Międzyodrze, the East and West Oder merge through the Skośnica waterway (the Klucz-Ustowo canal), from which (730.5 km) the East Oder changes into the Regalica River and discharges into the flow-through Dąbie Lake (area approx. 56 km 2 ; average depth 2.5-3 m). The West Oder, after flowing through Międzyodrze, divides and forms Szczecin's Oder and Parnica rivers. The Parnica joins the Regalica (739.6 km), and they flow together into Dąbie Lake. Szczecin's Oder joins the Regalica in its estuarine part of Dąbie Lake, and via Iński Nurt forms the Domiąża. Afterwards, it comes into the Roztoka Odrzańska basin and then to the Szczecin Lagoon. The northern complement to that water web is the connection with the Pomeranian Lagoon via the Świna, Dziwna, and Peene rivers (Buchholz 1991 , Robakiewicz 1993 , Andrulewicz 1997 .
MATERIALS AND METHODS
The present study was conducted from July 2000 to August 2003, with samples taken approximately every second month. Water samples for hydrochemical analysis were collected with a Ruttner sampler. Sampling collecting times included all seasons characteristic for the temperate climate.
As for the execution of the established aim, the research sites on the Oder's estuary were marked and grouped in three areas: the Oder (6 sites from Widuchowa to Police), the Szczecin Lagoon (4 sites), the Pomeranian Bay (3 sites: in Świna and Dziwna mouths, and the last site 3 nm away from Świnoujście -the most northerly site). During laboratory analysis, standard methods were used (Standard Methods 1995 , Hermanowicz et al. 1999 ). In the water samples, chosen species of nitrogen (mineral and total nitrogen) and phosphorus (dissolve reactive and total phosphorus) were analyzed.
All data collected were averaged for particular seasons, and minimum, maximum and dominant values were calculated. The variability ratio was calculated as well (Table 1) . Analysis of variance (ANOVA) was performed in order to define the relevance of seasonal variability in particular areas ( Fig. 1) .
Table 1
Designation of characteristic index values in the estuarine waters of the Oder, including peripheral sites of respective areas during the whole study time. 
RESULTS AND DISCUSSION
The Oder's estuary is a multicomponent system, and, with regard to this fact, the hydrochemical regime in particular areas of it is not homogeneous.
Pomeranian Bay waters have the lowest concentration of selected species of phosphorus and nitrogen, in comparison with other parts of the Oder estuary (Table 1, Fig. 1 ). The researchers observed that the yearly average concentration of mineral nitrogen was more than 4.5 times lower in proportion to the annual average concentration of mineral nitrogen in the Oder water, and that the concentration of total nitrogen was more than four times lower. It was also stated that the annual average concentration of dissolved reactive phosphorus was more than two times, and of total phosphorus more than one and a half times, lower in Pomeranian Bay waters in comparison to the Oder waters. Besides this, during all the seasons the greatest dynamics of variability belonged to the concentration of dissolved reactive phosphorus (Table 1 ). The semienclosed situation of the Pomeranian Bay, and its strong permanent water stratification, long water residence time, and low annual mean temperature cause slow mineralization of organic matter, making the Pomeranian Bay very vulnerable to anthropogenic influences (Wulff et al. 1990 ). The nutrient load from the Oder River caused eutrophication of the Pomeranian Bay sub-system. Coastal nutrient budgets are linked to quantifiable ecological changes (structural or functional) (Bonsdorff et al. 2002) . Philips (1972) classified dissolved substances in estuarine waters on the basis of their concentration in river and sea waters. He observed that nutrient substances always occur in higher concentrations in rivers, and this was also observed in the waters of the examined estuary, as the chemistry of the open waters of Pomeranian Bay was under the dominant influence of Baltic Sea waters. In former studies, a distinct stratification of phosphorus species, dependent on salinity (negative relation), was observed in Pomeranian Bay waters by Kubiak (1983) .
During the analysis, the waters of the Szczecin Lagoon, which are characterized by a decidedly lower level of mineralization in comparison to Pomeranian Bay waters, demonstrated a higher load of nutrients in every season in comparison to the Pomeranian Bay (Table 1 , Fig.1, 2) . The annual average mineral nitrogen concentration was 0.260 mg dm -3 , and was almost two times lower than in the Oder waters; the annual average concentration of total nitrogen was 0.385 mg dm -3 (also almost two times lower than in the Oder). Dissolved phosphorus and total phosphorus concentration was 0.093 and 0.200 mg dm -3 , respectively. This was slightly lower from the concentration noted in Oder waters. The lagoon is a highly eutrophic water body, with high levels of phosphate in the water even during periods of intense algal blooms (Andrulewicz 1997) . Tadajewski and Kubiak (1976) described the upward tendency of reactive phosphorus contents in the bay in a southern direction. The authors suggested that the main reason for this phenomenon, was the attenuated influence of Baltic water inlets (strongly mineralized), which mixed quickly with bay waters. During the study period, the concentration of the dissolved reactive phosphorus at the straits was lower than that stated at the Oder's flow to the bay by only about 0.021 mg dm -3 (Table 1 , Fig. 2) . Therefore, the research confirmed a decreasing tendency of reactive phosphorus concentration in the bay, which had been observed since 1989 (from an average concentration within the range of 0.3 -0.1 mg dm -3 in 1994) (Poleszczuk, Sitek 1995; Kubiak 1998; Humborg et al. 2000) .
The highest concentration of all analyzed phosphorus and nitrogen species was noted in the Oder waters (Table 1 , Fig. 1, 2) . The observed concentration variability tendencies, both temporally and spatially, were similar to those described above (Tórz, Nędzarek 1998; Nędzarek, Tórz 2000; Tórz 2002) .
Indeed, the concentration of all analyzed phosphorus and nitrogen species lessened in the estuarine waters of the Oder, while mineralization increased ( Table 2 ). The decrease of the examined forms of nitrogen in comparison to phosphorus forms was decidedly quicker (Table 1) . Oder waters, with a low level of mineralization, were definitely richer in nutrients than the Pomeranian Bay waters, where, additionally, the relation of nitrogen-phosphorus was considerably lower. Similar dependencies were noted by Kubiak (1998) , who drew on former observations. Garside et al. (1996) call the process of the retention of nutrient matter in the estuary, in areas with a low level of mineralization, "a nutrient trap". Additionally, they asserted that less Table 2 The correlation factor between the concentration of chosen forms of nitrogen and phosphorus and the concentration of chloride ions in the Oder estuary in the analyzed period of time (statistically significant relations for α= 0.05). mineralized waters primarily keep mineral nitrogen. On the basis of the observations of Garside et al. (1996) , it can be stated that, in the Oder estuary, the area which can be called "a nutrient trap" is the Oder River. The concentration of the researched species of nitrogen and phosphorus in all areas was characterized by seasonal variability that was typical for a temperate climate (Table 1, Fig. 1) . In summer the use of nitrogen and phosphorus in nutritive processes took place, and, during the time of lower intensity of production processes, waters were enriched with nitrogen and phosphorus ( Table 1 , Fig. 1, 2) .
In the Oder waters a very high variability of mineral, total, and dissolved nitrogen concentration was determined. In turn, in the Szczecin Lagoon waters both reactive and total phosphorus were characterized by high variability in each season. In the Pomeranian Bay, the highest stability of variability was shown to be total nitrogen (Table 1) . Such an arrangement of variability indicates that, as far as inland waters are concerned, a higher stability of the processes shaping seasonal variability can be seen with regard to phosphorus. However, for waters more strongly mineralized, this happens in the case of nitrogen.
CONCLUSIONS
1. There are three distinguished areas with dissimilar hydrochemical regimes in the Oder estuary: -the Pomeranian Bay, with its high level of mineralization and its waters, the chemistry of which is shaped under the dominant influence of the Baltic Sea. The bay was characterized by the lowest concentration of nutrients in the whole research cycle in relation to other areas, by a low proportion of nitrogen to phosphorus, and the highest stability of variability of total nitrogen concentration; -the Szczecin Lagoon, with its salty waters, was characterized by a higher concentration of nutrients in comparison to the Pomeranian Bay, by a lower proportion of nitrogen to phosphorus in comparison to Oder waters, and by a high stability of variability of mineral and total nitrogen concentration; -the Oder River, a freshwater habitat, with the highest concentration of nutrients, called "a nutrient trap" for the Oder estuary, was characterized by the highest stability of variability of total phosphorus concentration. 2. A seasonal variability of nutrient concentration (typical for a moderate climate) in the whole Oder estuary was noted. 3. It was shown that, in inland waters, a higher stability of the processes caused seasonal variability to happen to phosphorus, and, for more mineralized waters, to nitrogen.
